Multiple mechanisms account for genomic instability and molecular mutation in neoplastic transformation.
Neoplastic cells typically possess numerous genomic mutations and chromosomal aberrations, including point mutations, gene amplifications and deletions, and replication errors. Acquisition of such genomic instability may represent an early step in the process of carcinogenesis. Proteins involved in DNA replication, DNA repair, cell cycle progression, and others are all components of complex overlapping biochemical pathways that function to maintain cellular homeostasis. Therefore, mutational alteration of genes encoding proteins involved in these cellular processes could contribute to genomic instability. Loss of normal cellular mechanisms that guard against genomic mutation and the ensuing genomic instability might lead to accumulation of multiple stable mutations in the genome of affected cells, perhaps resulting in neoplastic transformation when some critical number of transformation-related target genes become damaged. Thus, interactions of fundamental cellular processes play significant roles in sustaining cellular normality, and alteration of any of these homeostatic processes could entrain cells to the progressive genomic instability and phenotypic evolution characteristic of carcinogenesis. Here, we discuss possible molecular mechanisms governing DNA mutation and genomic instability in genetically normal cells that might account for the acquisition of genomic instability in somatic cells, leading to the development of neoplasia. These include (a) molecular alteration of genes encoding DNA repair enzymes, (b) molecular alteration of genes responsible for cell-cycle control mechanisms, and (c) direct molecular alteration of dominantly transforming cellular protooncogenes. We also discuss normal cellular processes involved with DNA replication and repair that can contribute to the mutational alteration of critical genes: e.g., slow repair of damaged DNA in specific genes, and the timing of normal gene-specific replication.